AD-A204  971 


REPORT  DOCUMENTATION  PAGE 

I  10  KtSTRlCTlVt  MAhMNlii 


20.  0£Cl^SSlFlCAriON/OOWNCAAOlNG  SCHEDULE 


4  RERFORiVIING  ORCANiZAriON  report  NUMQER(S) 

NMRI  88-87 


Tj  DisiRiauiiON/ AvAiLAtiiLiry  of  report 
Approved  for  public  release; 
IdiscribuCion  is  unlimited 


.  IS.  MONITORING  ORGANUAIiON  REPORT  NU.MBERIS) 


Oj.  NA.VIE  OP  performing  organization  00  OPPICE  symbol  74.  Name  Or  MONITORING  ORGANIZATION 

Naval  Medical  Research  Of  ippUabit)  -i  w  n  _ _ a 

Naval  Medical  Command 


6c.  ADDRESS  (Ory,  Stare,  4n<#  ZIP CooeJ 

Bethesda,  Maryland  20814-5055 


Zb.  address  (Gty,  Stare,  and  ZIP  Code) 
Department  of  the  Navy 
Washington,  D.C.  20372-5120 


84.  NAME  OF  FUNDING /SPONSORING  8b.  OFFICE  SYMBOL  9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

organization  Naval  Medical  of  applicable) 

Research  and  Development  Command  -  . 


8c  ADDRESS  (Gty,  State,  and  ZIP  Code) 

Bethesda,  Maryland  20814-5055 


11.  title  Oncluae  Security  Classification) 

Management  of  thi  Critically  Ill  Marrow  Transplant  Patient 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 

element  no. 

project 

NO. 

task 

NO. 

V/ORK  UNIT 

accession  no 

63706N 

M0095 

03 . 1055- 

DN677130 

U.  PERSONAL  AUThORCS) 
TtinP  rH.  ' 


1J4.  TYPE  OF  REPORT 


I  •tSTvI  .vVm  t  I  •  «  H  « 


CB,  Deeg  HJ 


13b.  TIME  COVERED 
FROM  _  TO 


14.  DATE  OF  REPORT  [Year,  Month.  Day)  15.  PACE  COUNT 

1988  18 


16.  SUPPLEMENTARY  NOTATION  Ini  The  Pharmalogic  approach  to  the  critically  ill  patient.  Editor: 
Bart  Chemow.  2nd  ed.  1988.  Baltimore;  Williams  S  Wilkins.  Chapter  45;  _pp. 848-865. 


COSaTI  COOES 


GROUP  I  SUB-GROUP 


Allogenic  transplantation 


19.  abstract  (Continue  on  reverse  if  netessary  and  identify  by  block  number) 


18.  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Graph  vs  host  disease  /  Aplastic  anemia.- 

Marrow  transglantation 


corr 


dtic«. 


MTIS  GIM4I 
DTIC  TAB 

Unaxinounced 

□ 

JustiftoatloiL 

By 

Distribution/ 

i 

Availability  Codes 

ZO.  OiSTRIBUTION/ availability  of  abstract  21.  ABSTRACT  SECURITY  CLAS 

Hunciassifieo/unlimiteo  □  same  as  rpt.  O  otic  users  Unclassified  _ 


ZZj.  name  of  responsible  individual  IZZb.  telephone  (intluoe  Area  Code)  22c.  O/f^E  SYMBOL 

Phyllis  Blum.  Information  Services  Division  1202-295-2188  ISD/ADMIN/N.IRI 


DO  FORM  1473,  84  MAR  83  APR  eomon  may  oeuted  until  e»n4uuea.  SECURITY  CLASSIFICATION  OF  this  paqE 

All  Other  editioni  are  obtolete.  f  lyn  " 


) 


) 


Management  of  the  Critically  HI  Marrow 


Carl  H.  June,  M.D. 

Craig  B.  Thompson,  M.D.,  Ph.D. 
H.  Joachim  Deeg,^  M.D. 


—  The  management  of  the  immunosuppressed 
patient  is  of  increasing  importance  for  inten- 
sivists.  The  average  length  of  hospitalization 
for  marrow'  transplantation  is  4-6  weeks,  and 
.  r:~25%  of  patients  will  spend  one  month  in  an 
'  intensive  care  unit.  Optimal  care  of  the  patient 
during  marrow  transplantation  requires  the 
skills  of  oncologists,  infectious  disease  spe¬ 
cialists,  and  often,  input  from  intensivists  is 
required,  most  commonly  to  assist  in  the  man¬ 
agement  of  renal  and  pulmonary  complica¬ 
tions.  Marrow  transplantation  represents  a  cu¬ 
rative  attempt  at  the  treatment  of  malignant 
diseases  of  hematopoietic  and  nonhemafo- 
poietic  origin,  to  correct  marrow  failure  of 
diverse  causes,  and  to  treat  a  variety  of  genetic 
disorders  (Table  45.1).  In  this  chapter,  we  will 
focus  on  (a]  the  drugs  that  are  commonly  given 


during  the  course  of  marrow  transplantation, 
and  that  are  otherwise  not  commonly  used  in 
the  ICU,  (b)  management  of  the  immunosup- 
pressed  patient,  and  (c)  acute  complications 
such  as  graft-versus-host  disease  (GVHD)  ami 
hepatic  venoocclusive  disease  (VOD)  that  an; 
relatively  specific  to  marrow  transplantation. 
Various  aspects  of  marrow  transplantation  hav  e 
been  reviewed  in  recent  years \(1,  14,  19,  3  ) 
45,49,55,80,81,83). 

Bone  marrow  transplantation  can  be  divided 
into  three  phases  consisting  of  (a)  the  prepa¬ 
rative  regimen,  (b)  marrow  aspiration  and  in¬ 
fusion,  and  (c)  engraftment  and  subsequent 
events.  Preparative  regimens  are  required  both 
for  their  immunosuppressive  and  their  anti¬ 
neoplastic  potential  (90).  In  order  for  colls 
from  a  genetically  different  donor  to  survive 


Table  45.1 

Applications  of  Marrow  Transplantation 


r 


Malignant  Disorders 


Acquired  Nonmalignant  Disorders 


Inherited  Disorders 


Acute  lymphoblastic  leukemia 
Acute  nonlyr.iphoblastic  leukemia 
Chronic  granulocytic  leukemia 
Hairy  cell  leukemia 
Histiocytosis  X 
Hodgkin's  disease 
Myelodysplastic  syndrome 
Myeloma 
Neuroblastoma 
Non-Hodgkin's  lymphoma 
Selected  "solid "  tumors 


Aplastic  anemia  Ataxia  telangietasia 

Myelofibrosis  Blackfan-Diamond  anemia 

Paroxysmal  nocturnal  hemoglobinuria  Chediak-Higashi  syndrome 
Pure  red  cell  aplasia  Chronic  granulomatous  disease 

Chronic  mucocutaneous  candidiasis 
Congenital  agranulocytosis 
Congenital  red  cell  aplasia 
Fanconi's  anemia 
Gaucher's  disease 
Infantile  agranulocytosis 
Metachromatic  leukodystrophy 
Mucopolysaccharidosis  types  l.ll.VI 
Osteopetrosis 

Severe  combined  immunodeficiency 
Sickle  cell  anemia 
Thalassemia 

_  Wiskott-Aldrich  syndrome 
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and  replicate,  the  patient’s  immune  system 
must  ho  paralyzed  or  eradicated.  To  achieve 
this,  immunosuppressive  therapy  ("condition¬ 
ing")  is  given;  in  preparation  for  the  marrow 
infusion.  For  autologous  (self)  marrow  trans¬ 
plantation,  the  regimen  need  only  to  be  opti¬ 
mized  for  maximal  tumor  eradication  since 
there  is  no  immunological  barrier  to  overcome. 
One  advantage  of  chemotherapy  in  the  setting 
of  marrow  transplantation  is  that  "suprale- 
thal"  doses  can  be  given  and  the  patient  res¬ 
cued  by  marrow  infusion,  thereby  permitting 
dose  escalation  in  settings  in  which  marrow 
toxicity  is  normally  the  dose-limiting  factor 
(21,  81).  In  addition,  in  allogeneic  (non-self) 
transplantation,  there  is  clinical  and  experi¬ 
mental  evidence  that  the  genetic  nonidentity 
may  also  result  in  a  graft-versus-tumor  effect 
of  immunocompetent  donor  cells  (96).  Such 
an  effect  could  of  course  not  be  expected  with 
syngeneic  (identical  twin)  or  autologus  mar¬ 
row. 

The  conditioning  regimen  must  be  chosen 
by  an  experienced  clinician  with  attention  to 
detail  in  order  to  avoid  potentially  lethal  com¬ 
plications.  For  example,  patients  with  Fan- 
coni’s  anemia  appear  to  be  overly  sensitive  to 
the  cytotoxic  effects  of  cyclophosphamide  and 
radiation,  and  therefore,  require  specially  tai¬ 
lored  conditioning  protocols  (30).  In  rare  cases 
such  as  children  with  severe  congenital  im¬ 
munodeficiency  syndrome,  a  preparative  reg¬ 
imen  is  not  required  and  allogeneic  engraft- 
ment  can  often  be  achieved  simply  by  infusion 
of  donor  marrow  since  the  patient’s  immune 
system  is  defective.  Similarly,  some  patients 
with  aplastic  anemia  who  have  identical  twins 
may  be  cured  simply  by  infusion  of  syngeneic 
marrow. 


MODALITIES  USED  IN  MARROW 
TRANSPLANTATION 

Total-Body  Irradiation 

Conditioning  regimens  utilized  for  tlic  treat¬ 
ment  of  malignant  diseases  classically  have 
included  total  body  irradiation  (TBI)  followed 
or  precedml  by  chemotherapy.  Radiation-in¬ 
duced  marrow  u|)lasia  occurs  after  exposure  to 
'-J()(l-.')0l)  cGy  (rad)  Till,  and  in  a  single  ex¬ 
posure,  'lOlft)  rad  (If)  Cy,  1  Cray  unit=titO 
r.idj  of  Till  is  the  nuiximum  tolf.-rated  dose  that 
can  lie  administered  without  causing  lethal 
eMramednIlary  damage.  (Related  ini'ormatioii 


Figure  45.1.  Effects  of  fractionated  total-body  irra¬ 
diation  (TBI)  on  semm  amylase.  Total  seoim  amylase 
was  measured  on  30  patients  treated  with  either  200 
rad  T81  daily  for  6  days  or  225  rad  TBI  daily  for  7  days 
as  preparation  for  marrow  transplantation.  Mean  * 
SEM  is  indicated. 

may  be  found  in  Chapter  42).  Because  most 
tumor  cells  repair  radiation-induced  DNA 
damage  poorly  as  compared  with  normal  cells, 
fractionated  doses  of  TBI  permit  the  adminis¬ 
tration  of  higher  cumulative  doses  (82).  Se¬ 
vere  mucositis,  nausea,  vomiting,  diarrhea,  and 
parotitis  commonly  develop  during  the  several 
days  following  TBI  (4,  12,  45,  69.  83).  Some 
patients,  particularly  those  who  have  been  given 
chemotherapy  that  may  sensitize  (“radiation 
recall")  to  the  effects  of  radiation,  develop 
dermal  erythema  and  desquamation  after  TBI. 
Pancreatitis  develops  occasionally  after  TBI.  It 
is  not  commonly  realized  the  TBI  causes  ele¬ 
vation  of  serum  amylase  levels  in  all  patients 
following  single-dose  and  fractionated  'rOI  (Fig. 
45.1),  thus  invalidating  this  commonly  per¬ 
formed  test  in  marrow  graft  recipients  in  the 
first  week  after  TBI.  The  hyperamylascmia  fol¬ 
lowing  TBI  is  self-limiting  and  involves  pa¬ 
rotid  isoforms,  so  that  patients  with  abdominal 
pain  can  still  be  evaluated  for  pancreatic  dis¬ 
orders  if  isoenzyme  fractionation  is  done. 

Patients  are  treated  with  antiemetics  to  pre¬ 
vent  emesis  during  TBI.  Symptomatic  relief 
from  diarrhea  has  been  reported  with  choles¬ 
tyramine  therapy  (34).  Allopurinol  is  given 
and  the  intravascular  volume  maintaineil  dur¬ 
ing  TBI  in  orrior  to  prevent  tumor  lysis  syn¬ 
drome.  Api)roximately  607o  of  adults  will  de¬ 
velop  reactivation  of  herpes  simplex  virus  as 
a  supcrinfection  due  to  the  immunosuppres¬ 
sion  that  accompanies  radialiou-induced  mu¬ 
cositis;  these  pjitients  benefit  from  prophylac¬ 
tic  administration  of  acyclovir  (71).  bate 
complications  of  Till  iucliuio  growth  ret.irda- 
tion,  ciitaracts,  infertility,  and  malignancy  (if), 
77). 
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Cyclophosphamide 

'I'liu  iiiosi  coiniiKin  cluMuollicruptnilic  ngCDt 
(!m|)lciyi!(l  f(ir  cotuJilioning  is  cyclophosplia- 
niiclu  in  largo  doses  (01).  lligh-dosu  cyclo- 
phus|)aniidu  causes  nausea,  vomiting,  and  al¬ 
opecia  in  all  patients.  The  dose-limiting  toxicity, 
however,  is  cardiac.  Cardiac  failure  affects 
equally  patients  with  autologous  and  allo¬ 
geneic  grafts.  Conditioning  protocols  for  mar¬ 
row  transplantation  commonly  employ  total 
doses  of  cyclophosphamide  of  120-200  mg/kg 
given  over  2-4  days,  and  at  these  doses,  >  90% 
of  patients  develop  decreased  ECG  voltage  of 
the  QRS  complex,  and  the  incidence  of  clini¬ 
cally  significant  cardiac  toxicity  may  be  as 
high  as  15%  (32).  When  heart  failure  develops, 
it  usually  occurs  in  the  first  week  after  therapy 
with  cyclophosphamide  and  is  encountered 
particularly  with  patients  who  had  prior  me¬ 
diastinal  radiation,  concurrent  TBl,  or  therapy 
with  anthracylines  (13).  It  has  recently  been 
reported  that  the  addition  of  cytosine  arabi- 
noside  to  the  preparative  regimen  also  poten¬ 
tiates  the  cardiac  toxicity  of  cyclophospha¬ 
mide  (87).  Clinically,  patients  develop 
tachycardia,  rapid  weight  gain,  cardiomegaly 
with  or  without  a  pericardial  effusion,  a  loss 
of  voltage  on  surface  ECG,  and  a  decrease  in 
ejection  fracton  (13).  The  syndrome  is  acute 
and  often  refractory  to  therapy.  Most  patients 
die  within  a  week  of  onset  of  symptoms.  It  is 
therefore  important  to  carefully  evaluate  the 
past  medical  history  in  order  to  avoid  cardiac 
toxicity  from  cyclophosphamide.  There  is  evi¬ 
dence  that  the  development  of  cardiac  toxicity 
correlates  better  with  dose  per  body  surface 
area  than  with  weight,  and  that  in  the  absence 
of  TBl,  the  maximum  tolerated  dose  of  cyclo¬ 
phosphamide  is  1.55  g/m^/day  for  4  days  (32). 

Other  potential  complications  of  high-dose 
cyclophosphamide  therapy  are  also  of  impor¬ 
tance.  Plasma  cholinesterase  can  be  depleted 
and,  as  a  consequence,  the  clearance  of  Iccal 
anesthetics  or  neuromuscular  blocking  agents 
may  be  substantially  prolonged  (22,  103). 
Plasma  cholinesterase  levels  should  be  mea¬ 
sured,  if  possible,  prior  to  any  surgical  proce¬ 
dure  in  a  patient  who  has  recently  been  pre¬ 
pared  for  marrow  transplantation. 

Hemorrhagic  cystitis  of  varying  severity  oc¬ 
curs  in  —30%  of  patients  after  high-dose  cy¬ 
clophosphamide.  Therapy  of  cystitis  is  diffi¬ 
cult  as  patients  arc  thrombocytopenic,  and  in 
extreme  cases,  fulguration,  bilateral  nephros¬ 
tomies,  and  even  cystectomy  may  be  required. 
Cystitis  is  mostly  related  to  the  cyclophospha¬ 


mide  nu-'laholik!  ,i(aolein.  In  order  to  minimize 
or  prevent  cyslilis,  a  Ihree-way  Poley  catheter 
should  he  inserted  and  the  bladder  continu¬ 
ously  irrigated  and  drained.  In  addition,  a  brisk 
saline  diuresis  is  initiated  before  adminisiru. 
lion  of  cyclopho.si)haniide.  Mesna  (2-mercap- 
tocthane  sodium  sulfonate),  an  investigational 
drug  that  acts  as  a  sulfhydryl  donor,  has  been 
shown  to  be  effective  in  mo.st  instances  in 
preventing  cystitis  (38).  Mesna  appears  to  have 
0  role  in  patient::  who  are  particularly  predis¬ 
posed  to  hemorrhagic  cystitis  such  as  those 
with  Fanconi’s  anemia  (20,  30);  however,  it  is 
not  yet  available  commercially  in  this  country. 

In  the  differential  diagnosis  of  hematuria,  in 
addition  to  cyclophosphamide  and  the  usual 
causes  of  hematuria,  other  disorders  more  spe¬ 
cific  to  the  marrow  transplant  patient  should 
be  considered.  Reactivation  of  the  BK  typo  of 
human  polyoma  virus  has  recently  been  re¬ 
ported  to  be  a  common  cause  of  hematuria  in 
patients  witli  allogeneic  but  not  autologous 
marrow  grafts  (2).  In  addition, .infection  with 
other  viruses  such  as  adenovirus  should  be 
excluded.  Hematuria  that  occurs  in  association 
with  hypertension  may  be  caused  by  radiation- 
induced  nephritis  (6).  Finally,  some  patients 
develop  the  syndrome  of  inappropriate  secre¬ 
tion  of  antidiuretic  hormone  or  nephrogenic 
diabetes  insipidus  in  association  with  high- 
dose  cyclophosphamide  treatment  (26). 

Treatment  with  cyclophosphamide  alone  (200 
mg/kg)  is  sufficiently  immunosuppressive  to 
allow  allogeneic  engraftment,  and  is  used 
without  TBl  as  the  conditioning  regimen  of 
choice  for  patients  with  aplastic  anemia  (61 
83).  Similarly,  in  combination  with  busulfai. 
cyclophosphamide  has  been  used  successfully 
as  a  conditioning  protocol  for  patients  with 
acute  nonlymphocytic  leukemia  (68).  In  at¬ 
tempts  to  increase  tumor  kill,  other  agents 
such  as  cytosine  arabinoside,  etoposide  (VP- 
16).  daunomycin,  and  BCNU  have  been  added 
to  preparative  regimens,  or  substituted  for  cy¬ 
clophosphamide.  The  addition  of  these  drugs, 
particularly  in  combination,  often  causes  a 
substantial  increase  in  acute  toxicity  that  is 
frequently  manifest  as  hepatic  VOD  (see  "Veno- 
occulsive  Disease”). 


Cyclosporine 

Cyclosporine  is  the  first  agent  that  has  re¬ 
versible  immtitiosup[)rc!.s'.siva  cffecl.s  that  are 
relatively  specific  for  T  lymphocylos  (3,  62).  It 
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is  approved  by  the  Food  and  Drug  Adminis- 
'  tration  (FDA)  to  be  used  for  prevention  of 
solid-organ  rejection.  In  patients.given  marrow 
transplantation,  it  is  commonly  used,  non-FDA 
approved,  to  prevent  or  treat  GVHD  and  to 
reduce  the  risk  of  marrow  graft  rejection.  Cy¬ 
closporine  is  most  effective  when  given  with 
other  agents  such  as  glucocorticoids  or  meth¬ 
otrexate  (see  “Methotrexate").  The  drug  is  usu¬ 
ally  administered  intravenously  beginning 
several  days  before  marrow  transplantation. 
The  drug  is  water  insoluble:  when  adminis¬ 
tered  orally,  it  must  be  given  with  lipids  such 
as  olive  oil  or  milk  in  order  to  promote  ab¬ 
sorption.  There  can  be  severe  impairments  of 
cyclosporine  absorption  after  marrow  trans¬ 
plantation  due  to  chemoradiotherapy-induced 
enteritis  and  to  intestinal  GVHD  (99).  Patients 
commonly  have  trough  serum  or  whole  blood 
cyclosporine  levels  measured  by  radioimmu¬ 
noassay  (RIA)  two  or  three  times  weekly  dur¬ 
ing  the  first  month  after  transplantation.  The 
dose  is  adjusted  to  maintain  serum  levels  at 
~100  ng/ml  in  order  to  minimize  nephrotox¬ 
icity,  although  there  is  little  information  cur¬ 
tly  available  to  support  the  concept  of 

iiierapeutic"  levels.  The  drug  has  a  large  vol¬ 
ume  of  distribution  and  is  predominantly  me¬ 
tabolized  in  the  liver.  It  is  subject  to  entero- 
hepatic  recirculation  and  only  a  small  fraction 
is  excreted  by  the  kidneys  (99).  Plasma  clear¬ 
ance  is  age  related;  children  require  higher 
doses  on  a  milligram-per-kilogram  basis  than 
do  adults. 

A  number  of  drug-drug  interactions  have 
been  reported  (15,  62).  Ketoconazole,  cimeti- 
dine,  diltiazem,  and  oral  contraceptives  have 
been  reported  to  increase  the  plasma  concen¬ 
tration  of  cyclosporine.  Rifampin,  trimetho¬ 
prim.  phenobarbital,  and  phenytoin  may  re¬ 
duce  the  concentration  of  cyclosporine. 

The  hallmark  of  cyclosporine  toxicity  is  renal 
impairment  that  is  first  recognized  by  on 
asymptomatic  increase  in  the  serum  creatinine 
concentration.  This  is  usually  associated  with 
increased  serum  levels  of  cyclosporine.  Renal 
toxicity  is  potentiated  by  aminoglycosides  and 
amphotericin  U,  and  therefore,  dose  reduction 
is  often  necessary  when  given  concurrently 
with  drugs  such  as  aminoglycosides,  vanen- 
niycin.  or  amphotericin  H  (15.  40).  Severe  hy¬ 
pomagnesemia  line  to  renal  magnesium  wast¬ 
ing  is  common  in  |ialinr)l.s  Insited  with 
cyclosporine  after  marrow  transplantation  hut 
”  .1  after  renal  transplanl.ilion  (50).  Gyclospor- 
.'ne  causes  arleri.il  li\  perii-ie.ion,  e.spiaa.illy  in 
patients  treated  c  oin  iimilaully  with  glncoeor- 


ticoids  (37,  44).  In  the  treatment  of  cyclospor¬ 
ine-induced  hypertension  it  is  best  to  avoid 
diuretics  and  ^-blockers  that  may  precipitate 
or  exacerbate  renal  impairment,  to  correct  serum 
magnesium  levels,  and  give  calcium  channel 
antagonists  such  as  nifedipine.  Hepatotoxicity 
has  been  ascribed  to  cyclosporine  and  is  man¬ 
ifest  by  conjugated  hyperbilirubinemia:  in  this 
setting,  it  must  be  distinguished  from  VOD 
and  GVHD  (62).  Neurotoxicity  consisting  of 
tremor,  seizures,  and  cerebellar  symptoms  has 
been  reported  and  may  in  some  cases  be  sec¬ 
ondary  to  hypomagnesemia  (84).  Some  pa¬ 
tients  experience  paresthesia  in  palms  and  soles 
with  intravenous  infusion  of  cyclosporine  that 
is  likely  due  to  cremqphofe,  the  vehicle  used 
to  dissolve  cyclosporine. 


li/lethotrexate 

Methotrexate  is  commonly  given  to  marrow 
transplant  patients  for  the  prevention  of  GVHD 
and  for  the  treatment  of  leukemia  involving 
the  central  nervous  system.  Until  recently  a 
standard  regimen  involved  the  use  of  metho¬ 
trexate;  15  mg/m*  on  day  1  and  10  mg/m*  on 
days  3.  6,  11;  and  then  biweekly  for  the  first  3 
months  after  transplant  for  the  prevention  of 
GVHD  i76,  83).  For  the  prevention  of  CNS 
leukemia  intrathecal  methotrexate  is  often  given 
12  mg/m*  for  two  doses  before  transplantation 
and  approximately  five  doses  biweekly  begin¬ 
ning  1  month  after  transplantation.  The  use  of 
methotrexate  in  the  general  oncology  patient 
in  such  modest  doses  would  ordinarily  be  ex¬ 
pected  to  result  in  little  toxicity.  The  marrow 
transplant  patient  is,  however,  subject  to  rapid 
deterioration  in  renal  function,  generally  from 
the  concurrent  administration  of  nephrotoxic 
agents,  or  from  the  sudden  accumulation  of 
ascites  from  VOD.  It  is  important  therefore  for 
the  intensivist  to  realize  that  decreased  renal 
function  and  third-space  fluids  have  profound 
impact  on  the  pharmacokinetics  of  methotrex¬ 
ate  that  may  severely  aggravate  mucositis  and 
impair  or  prevent  hematopoietic  recovery.  Fo- 
linic  acid  is  an  antidote  of  metliotrcxalc  and 
may  be  used  to  prevent  toxicity  in  cases  of 
(l<'.lavcd  renal  excretion.  Serum  melholioxalo 
levels  sliould  he  obtained  24  hours  after  each 
tlo.se,  and  if  the  levi;!  is  >  5  x  10  "  M,  llierapy 
is  .slarli:d  with  folinic  acid.  Mtrtlmtrexale  levels 
shoiild  again  he  .nl>laiiu!d  at  48  liciurs  and  if 
llii,  level  remains  elev-sietl,  fnlinii:  aidd  '‘res¬ 
cue;"  cimtinniMi.  (|■'u('lhe('  delail.s  on  lice  |ili,ii- 
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iiiacolo^y  of  inulliolroxiilc  ciin  bo  found  in 
Ciliiiplor  20.) 


Antibody  Therapy 

Polyclannl  immune  serum  globulin  (ISC)  or 
antilympbocyte  immunoglobulin  (ALG)  anti¬ 
bodies  or  murine  monoclonal  antibodies  arc 
u.sed  with  increasing  frequency  in  marrow 
transplant  patients  (Table  45.2).  ISG  consists 
of  purified  human  immunoglobulin  prepara¬ 
tions  derived  from  multiple  donors.  ISG  and 
CMV  hyperimmune  globulin,  obtained  from 
donors  with  high  titers  of  antibodies  to  cyto¬ 
megalovirus,  are  currently  being  tested  in  mar¬ 
row  transplant  patients  in  order  to  prevent 
viral  and  bacterial  infections.  Both  ISG  and 
CMV  hyperimmune  globulin  have  been  shown 
to  prevent  seroconversion  and  prevent  inter- 
sitial  pneumonitis  in  patients  who  are  not  in¬ 
fected  with  CMV  before  marrow  transplanta¬ 
tion  (10,  98).  However,  the  same  effect  can  be 
achieved  in  CMV-seronegative  transplant  pa¬ 
tients  by  giving  CMV-negative  blood  products 
and  by  avoiding  the  use  of  CMV-positive  mar¬ 
row  donors  when  possible  (10).  The  role  of 
ISG  in  the  prevention  of  CMV  pneumonia  in 
seropositive  patients  is  controversial.  Compli¬ 
cations  from  ISG  are  unusual,  although  pa¬ 
tients  can  develop  a  positive  Coombs  test  dur¬ 
ing  therapy  because  ISG  may  contain  red  cell 
isoagglutinins  (anti-A,  anti-B  and  anti-A,B  an¬ 
tibodies)  (101). 

ALG,  usually  prepared  from  horses  or  goats 
immunized  with  human  lymphocytes  or  thy¬ 
mocytes,  is  used  to  treat  acute  GVHD.  ALG  is 
also  used  to  treat  patients  with  aplastic  anemia 
who  are  not  candidates  for  marrow  transplan¬ 
tation.  ALG,  in  contrast  to  ISG,  is  highly  toxic. 
A  test  dose  of  0,1  ml  qf  ALG  and  normal  horse 
serum  (both  diluted  1:1000  in  normal  saline) 
is  given  intradermally  as  iwo  separate  injec¬ 
tions  in  order  to  test  for  an  immediate  hyper¬ 
sensitivity  reaction;  a  positive  reaction  con¬ 
sists  of  any  systemic  symptoms  or  local 
erythema  ahd/or  wheal  formation  >  10  mm  to 
both  horse  serum,  and  ALG  is  a  contraindica¬ 
tion  for  therapy  due  to  the  risk  of  anaphylaxis. 
Patients  must  bo  premedicatcd  with  antipy¬ 
retics  and  corticostoriods  as  severe  febrile  re¬ 
actions  are  common  during  aiitibody  infusion. 
Other  major  complications  c;  Al.C  include 
thrombocytopenia  and  the  development  of 
serum  sickness.  In  addition,  ALG  often  con¬ 
tains  antibodies  to  human  marrow  j)rogenitor 


cells  iiiul  can  result  in  gr.ift  failure.  I.ymplio- 
cyles  in  the  |ieripheral  blood  are  rare  or  un- 
dectcctable  during  therapy  with  AI.G,  and 
therefore  |)atients  are  severely  immiuiosup- 
pressed  and  prone  to  infection. 

ALG  often  is  effective  for  treatment  of  GVHD 
that  has  been  rcfraclory  lo  other  therapy.  Bv 
nature  of  the  production  process,  however 
ALG  batches  may  differ  significantly  with  re¬ 
gard  to  efficacy  and  toxicity. 

Murine  monoclonal  antibodies  are  increas¬ 
ingly  used  because  of  specificity  and  lack  of 
lot-to-lot  variability.  OKT3  is  the  first  murine 
monoclonal  antibody  that  has  been  approved 
by  the  FDA  for  prevention  of  solid-organ-graft 
rejection,  and  it  is  used  without  FDA  approval 
to  prevent  or  treat  acute  GVHD  (25,  47).  OKT3 
is  directed  against  the  GD3  T  cell  antigen,  and 
like  ALG,  is  a  potent  immunosuppressant  be¬ 
cause  it  clears  T  cells  from  the  circulation  and 
blocks  their  biological  effects.  An  acute  symp¬ 
tom  complex  consisting  of  chills  and  high- 
grade  fever  occurs  in  nearly  all  patients  with 
the  first  dose.  This  reaction  is  probably  caused 
by  lymphokines  that  are  released  upon  de¬ 
struction  of  lymphocytes.  In  severe  cases,  hy¬ 
potension  and  pulmonary  edema  occur.  As 
with  ALG,  patients  should  be  premedicatcd 
with  antipyretics  and  corticosteroids  prior  to 
therapy  with  OKT3.  Delayed  toxicity  from  OKT3 
can  also  be  formidable.  Patients  often  develop 
antibodies  to  the  murine  antibody  that  prevent 
further  therapy.  In  addition,  potent  immuno¬ 
suppression  may  result  in  the  development  of 
lymphomas.  The  lymphomas  ave  usually  of  B- 
cell  origin  and  appear  to  be  due  to  Lpstein- 
Barr  virus  reactivation.  They  are  unusual  in 
renal  transplant  recipients  and  may  be  more 
common  in  marrow  transplant  patients,  partic¬ 
ularly  those  given  prolonged  courses  of  ther¬ 
apy  (47,  67).  Serum  sickness  also  occurs  2-3 
weeks  after  therapy  in  some  patients,  although 
this  is  unusual  in  marrow  transplant  patients, 
perhaps  because  they  are  unable  to  mount  a 
sufficient  immune  response. 

MARROW  ABLATION 

The  major  difference  between  bone  marrow 
transplation  and  cardiac  and  renal  transplan¬ 
tation  is  that  the  conditioning  protocol  ablates 
rather  than  suppresses  the  host  immune  and 
hematopootic  systems.  The  intent  of  a  suc¬ 
cessful  marrow  transplant  is  to  reconstitute  the 
hcmatoimmunopoctic  system  of  the  recipient 
with  donor-derived  heinatopoetir  and  immu- 
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luiloKiciil  |)ri:c.iirs()rs.  T'lio  most  sorioiis  coni- 
pliciilions  (lull  result  from  tnnrrow  uhliitiun  iiru 
iiiul  iiifccljon  (Tiiblc  45.3)  (23,  4'J, 

an). 


Bleeding  Complications 

Uluuding  complicntions  result  primarily  from 
the  combination  of  thrombocytopenia  and  mu- 
co.sal  damage.  Thrombocytopenia  occurs  as  a 
necessary  side  effect  of  all  conditioning  regi¬ 
mens  and  develops  witliin  a  week  following 
initiation  of  therapy.  Platelet  transfusions  are 
then  necessary  to  support  the  patient’s  platelet 
count  and  prevent  bleeding  complications  un¬ 
til  the  third  or  fourth  week  post-transplant 
platelet,  when  production  usually  becomes  self- 
sustaining.  Bleeding  that  occurs  in  the  first 
several  weeks  post-transplant  is  usually  from 
mucosal  surfaces  that  have  been  damaged  as  a 
result  of  the  conditioning  regimen.  Mucosal 
da:rage  can  be  worsened  in  the  early  trans¬ 
plant  period  by  multiple  factors  such  as  herpes 
simplex  stomatitis,  methotrexate  therapy  for 
the  prevention  of  GVHD,  and  the  onset  of  acute 
GVHD  itself.  Serious  internal  bleeding  as  a 
result  of  clotting  factor  deficiencies  is  not  com¬ 
mon  in  the  setting  of  marrow  transplantation, 
presumably  because  of  the  plasma  present  in 
the  other  blood  products  the  patients  receive, 


Ihi!  relatively  long  half-life  of  tlu;  clotting  pro¬ 
teins,  and  extranuulullary  sources  of  factor 
production. 

Several  syndromes  are  now  recognized  Ih.ii 
may  cause  a  didayed  risk  of  bleeding  as  a  result 
of  recurrent  thrombocytopenia.  As  many  as 
37%  of  patients  after  transplantation  will  de¬ 
velop  an  isolated  acquired  thrombocytopenia 
that  occurs  more  than  a  month  after  marrow 
infusion  and  subsequent  to  the  initial  recoverv 
of  the  megakaryocylic  lineage  (27).  In  some 
patients  this  has  been  attributed  to  the  sup¬ 
pressive  effects  of  concomitant  cytotoxic  drug 
therapy.  Trimethoprim/sulfamothoxazole  has 
been  implicated  in  several  cases  of  transient 
drug-induced  thrombocytopenia.  Transient 
thrombocytopenia  has  also  been  associated  with 
acute  GVHD  due  to  both  marrow  suppression 
and  to  decreased  platelet  survival.  A  more 
chronic  and  persistent  form  of  thrombocyto¬ 
penia  can  present  in  as  many  as  a  quarter  of 
bone  marrow  transplant  survivors  that  develop 
chronic  GVHD,  and  is  associated  with  a  poor 
prognosis. 

Topical  agents  such  as  thrombin,  sucralfate, 
and  silver  nitrate  are  often  used  as  therapy  of 
mucosal  bleeding.  The  mainstay  of  therapy  for 
the  treatment  of  bleeding  complications  of 
marrow  transplantation,  however,  is  the  trans¬ 
fusion  of  platelets  and  red  cells.  In  addition  to 
the  usual  serology  for  hepatitis  B  and  HIV, 


Table  45.3 

Major  Post-transplant  Periods  and  Their  Associated  Complications* 


Early  (0-30  days) 

Middle  (30-100  days) 

Late  (>100  days) 

Patient 

Patient  usually  hospitalized 

Patient  usually  can  be 

Patient  usually  independent 

Condition 

the  entire  period;  centrat 
venous  access  required  for 
support 

followed  in  a  closely 
monitored  outpatient  setting 

of  i.v.  support  and  able  to 
'  return  to  care  by  refer.  ;,’,g 
physician.  If  all  goes  well,  a 
patient  should  be  able  to 
resume  full  activities, 
including  work  and  school, 
by  1  yr. 

Riquiremenls 

Complete  transfusion  support; 
hyperalimentation;  vigorous 
hygiene  and/or  isolation; 
pain  control;  surveillance 
cultures  and/or  prophylactic 
antibiotics 

Available  transfusion  and 
alimentary  support  (central 
venous  access  maintained); 
limited  external  contact; 
physiological  support; 
frequent  observation  and 
monitoring;  antibiotic 
prophylaxis  for  P.  carinii 
and  encapsulated 
organisms 

Continued  bacterial 
prophylaxis  lor  1  yr;  regular 
visits  with  referring 
physician;  periodic  visits 
with  marrow  transplant  unit 

Major 

Bacterial  infection;  fungal 

Acute  GVHD;  interstitial 

Chronic  GVHD;  relapse; 

Complications 

infections;  tierpes  simplex; 
stomalitis/cystitis;  veno- 
occlusive  disease  of  the 
liver 

pneumonia:  CMV  infection 

bacterial  infections  with 
encapsulated  organisms: 
varicella  zoster;  cataracts 

"From  Thompson  CB,  Thomas  ED:  Bone  marrow  transplantation.  Surg  Clin  North  Am  66:589-601.  1986. 


etc.,  it  is  important  llial  the  products  be  eval¬ 
uated  for  cytomegalovirus  (sec  ‘'Infections 
Complications").  I;inally,  a  unique  risk  of 
transfusion  therapy  in  marrow  graft  recipients 
is  the  possibility  that  red  cells  and  platelets 
wilt  contain  sufficient  "passenger”  lympho¬ 
cytes  to  cause  GVHD  (95).  To  avoid  this  com¬ 
plication.  all  blood  products  which  transplant 
patients  receive  for  at  least  the  first  year  after 
marrow  transplantation  should  be  irradiated 
(2000  rad)  to  prevent  proliferation  of  the  trans¬ 
fused  immune  cells. 

There  is  frequently  ABO  incompatibility  of 
donor  and  recipient  in  allogeneic  marrow  grafts 
because  of  the  independent  inheritance  of  the 
ABO  and  HLA  regions.  This  is  managed  by 
either  removing  the  red  blood  cells  from  the 
bone  marrow  to  be  infused  or  using  procedures 
to  deplete  the  recipient  of  isoagglutinins  (5.  8). 
Both  procedures  are  effective  in  preventing 
transfusion  reactions  at  the  time  of  bone  mar¬ 
row  infusion.  If  required,  isoagglutinins  in  the 
donor's  marrow  can  be  removed  by  separating 
cells  from  the  plasma.  Conversion  to  the  do¬ 
nor's  ABO  blood  group  can  usually  be  ex¬ 
pected  to  occur  within  2-3  months  following 
marrow  engraftment.  In  cases  of  ABO  incom¬ 
patibility  with  the  marrow  donor,  the  patient 
is  usually  supported  with  recipient  type  or 
group  O  blood  products,  and  units  are  screened 
and  selected  to  prevent  transfusion  of  units 
containing  high  titer  anti-AB  antibodies.  Blood 
products  can  also  be  concentrated  to  minimize 
plasma  content.  Once  a  significant  proportion 
of  circulating  red  blood  cells  is  of  donor  type, 
a  switch  in  red  cell  transfusion  can  be  made 
to  the  donor’s  blood  group.  In  addition,  the 
presence  of  circulating  blood  cells  of  donor 
type  can  be  used  as  evidence  of  successful 
allogeneic  marrow  engraftment. 

Infectious  Complications 

In  the  early  post-transplarit  period,  the  prin- 
ciiral  inh’ctious  complications  are  associated 
with  granulocytopenia  (2.'i,  <1!?).  Following 
ablation  and  rcinfusion  of  marrow,  granulo¬ 
cyte  counts  are  less  than  0.1  xio''/rUer  for  —2 
vvec-k.s.  The  granulocyte  count  rloiis  not  usually 
exceial  1  x  ID'Vliler  imlil  the  thiril  or  fourth 
week  after  Irauspiaiit.  A  rise  in  the  .sennn 
Iransc.iili.ilainin  11  level  pnicede.s  llie  rise  in  llte 
p(M'i|ih(M'al  gr.inniocvie  count  and  therefore  may 
.serve  as  an  early  m.irker  of  marrow  regenera¬ 
tion  |.''>U).  Tin;  ns;;  ;;1  ;;v(.l(;s(;ori;;e  iall;i;r 
;;;;  ll;;;l;i's.;l;:  h;;-  (',\'l  II)  |ir<;|il;vl.;>.is  l;as  si;;);l- 


ened  this  perioil  of  severe  neutropenia.  The 
disruption  of  mucosal  immunity  as  a  result  of 
the  toxic  effects  of  the  conditioning  regimen 
on  the  gastrointestinal  mucosa  contributes  to 
the  risk  of  infection.  Long-term  indwelling 
central  venous  catheters,  used  in  virtually  all 
patients,  also  provide  a  portal  for  infection 
(59).  This  early  period  of  neutropenia  is  usu¬ 
ally  characterized  by  bacterial  infections  pre¬ 
dominantly  of  a  bacteremic  nature  and  occa¬ 
sional  fungal  infections.  The  hallmark  of 
bacteremia  in  this  early  neutropenic  period  is 
fever,  and  with  the  initial  manifestation  of  a 
fever  patients  are  treated  with  broad  spectrum 
antibiotics  thafeonfer  converage  consistent  with 
the  epidemiological  experience  of  the  trans¬ 
plant  center.  Therapy  is  maintained  until  ap¬ 
propriate  culture  information  has  been  ob¬ 
tained  and  a  suitable  antibiotic  choice  can  be 
made,  or  until  neutropenia  resolves.  Fever  un¬ 
responsive  to  therapy  with  broad-spectrum  an¬ 
tibiotics  after  72  hours  and  the  absence  of 
microbiological  diagnosis  often  warrants  the 
addition  of  systemic  antifungal  therapy.  The 
most  common  viral  infection  in  the  early  post- 
transplant  period  is  herpes  simplex  (HSV).  Or¬ 
opharyngeal  herpes  simplex  infection  often 
causes  severe  local  disease  that  predisposes  to 
secondary  bacterial  infections  and  may  spread 
to  involve  both  the  esophagus  and  the  lungs. 
The  use  of  acyclovir  for  both  treatment  and 
prophylaxis  of  HSV  infections  has  substan¬ 
tially  reduced  this  complication  of  the  early 
post-transplant  period  (71). 

Following  the  recovery  of  neutropenia  as  a 
result  of  successful  marrow  engraftment,  the 
spectrum  of  organisms  that  induces  infectious 
complications  in  marrow  transplant  recipients 
shifts.  Bacterial  infections  with  enteric  patho¬ 
gens  remain  common  in  the  intermediate  time 
period,  liovvovcr,  infections  resulting  from  en¬ 
capsulated  bacterial  organisms  and  Pneumo¬ 
cystis  carinii,  which  were  previously  seen  in 
high  frcqtcency  during  this  lime  period,  are 
now  seen  rarely  because  of  the  instigation  of 
Iriinctboprim/sulfametbo.xazQle  prophylaxis.  A 
variety  of  fungal  infections  can  occur  in  tliis 
time  period.  While  infection  with  Candida  and 
A.sfiergilitis  species  arc  most  commnn,  a  num¬ 
ber  of  rare  fungal  infections  caused  by  orgau- 
is;;i.s  usually  coiisulered  "nonpalbog;:nic”  have 
reported. 

I'lie  mo.st  serious  of  the  inhictiims  (h;riug 
Ibis  i;;lerii)ediale  timi!  period  are  ll;;.'  viral  i;;- 
fiM  lio;;::.  Reaclivatioi;  or  pritnary  i;;fi!;:lioi;  will; 
|•.yl^^lnet•.ahlvin^s  ((!MV)  is  ll;;;  m;;sl  ,sev;;;;;  ;;l 
Ih;;  ioleclions.  will;  (IMV  p;;eui;;(;;;i.; 
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ill  iipproxiinalcily  15%  of  ail  paliiaifs 
iin(l(!r);oiiip'  allof^ciioic  iiiairow  traiKsplaiilation 
and  liaving  an  ap|)i'oxiinaU!  115%  fatality  rate. 
Ollior  viruses  that  occur  fre(|uenlly  in  this  time 
|)(!riod  are  adenovirus  and  ICpslein-Harr  virus 
(EI)V).  I'atal  lyinpho[)r(jliferalive  diseases  as- 
^oiaated  with  liUV  infection  have  occurred, 
|)reduininantly  in  patients  treated  with  either 
antithyinocyte  globulin  or  anti-T-ccll  mono¬ 
clonal  antibodies  for  the  treatment  of  acute 
LIVIIU  (47,  70).  Some  of  the  lyiiiphoinas  appear 
to  respond  to  therapy  with  acylcovir  and  dis¬ 
continuation  of  immunosuppressive  therapy. 

The  final  period  of  infectious  complications 
from  marrow  transplantation  begins  3-4  months 
after  transplantation  at  a  time  when  the  mar¬ 
row  graft  is  fully  established  and  mucosal  in¬ 
jury  has  been  repaired.  Bacterial  infections  at 
this  time  are  usually  associated  with  the  de¬ 
velopment  of  chronic  GVHD  and  include  fre¬ 
quent  sinopulmonary  infections  thought  to  be 
related  to  IgA  deficiency  and  sicca  syndromes. 
In  addition,  the  presence  of  functional  hypos- 
plenta  or  asplenia  that  occurs  in  most  patients 
in  combination  with  a  naive  immune  system 
predisposes  to  spontaneous  bacteremias  asso¬ 
ciated  with  encapsulated  organisms.  Most  pa¬ 
tients  receive  Irimethoprim/sulfamethoxazole, 
daily  oral  penicillin,  or  infusions  of  immune 
serum  globulins  as  prophylaxis.  The  major  viral 
syndrome  associated  with  this  time  period  is 
the  recurrence  of  varicella-zoster,  which  oc¬ 
curs  in  approximately  one-third  of  all  patients 
and  in  half  of  patients  with  chronic  GVHD. 
Virtually  all  of  these  infections  are  due  to 
reactivation  of  latent  virus,  although  the  clin¬ 
ical  syndrome  may  resemble  that  of  primary 
varicella  infection.  It  is  important  for  the  phy¬ 
sician  caring  for  these  patients  to  remember 
that  it  takes  at  least  a  year  for  the  immune 
system  to  fully  develop  after  successful  trans¬ 
plantation,  and  that  live-  viral  vaccines  are 
contraindicated.  The  tempo  of  immune  recov¬ 
ery  is  delayed,  however,  in  patients  who  de¬ 
velop  chronic  GVHD.  Vaccinations  involving 
killed  organisms  are  unlikely  to  be  effective. 

ACUTE  GRAFT-VERSUS-HOST 
DISEASE 

Background  and  Epidemiology 

For  graft-versus-host  diseases  (GVHD)  to  oc¬ 
cur.  three  conditions  must  bo  met  (7):  (a)  Im- 
immocompulent  cells,  capable  of  replication 


inusi  he  transferred  from  one  individual  lo 
aiiolher.  /b)  There  luusl  he  a  luslointompaii- 
bility  belw(!en  the  two  individuals,  (c)  Tlu; 
recipient  must  be  unable  lo  reject  and  destroy 
die  transfiured  cells.  All  lliose  re(|uircments 
are  met  will)  allogeneic  Jiuirrow  Iransplanla- 
lion,  as  well  us  in  some  instances  of  blood 
(leukocyte)  transfusions  lo  patients  who  re¬ 
ceive  chemotherapy  or  fetuses  who  receive 
accidental  intrauterine  maternofetul  Iransfu- 
s.ons  or  thcrnpeulii.  )!.\cbange  Iran  dusioiis  (95). 
Unexpectedly  a  GVHD-like  syndrome  has  also 
been  observed  occasionally  with  syngeneic 
transplants  or  autologous  marrow  reinfusion 
(35). 

GVHD  is  more  frequent  and  often  more  se¬ 
vere  in  patients  who  are  given  an  HLA-non- 
idenlical  ('hnismatched")  transplant.  For  un¬ 
clear  reasons  the  incidence  of  GVHD  increases 
with  age.  It  is  conjectural  whether  the  proba¬ 
bility  of  GVHD  is  influenced  by  the  patient's 
original  diagnosis  or  whether  GVHD  is  more 
frequent  in  male  patients  given  a  graft  from  a 
female  donor  (18). 

GVHD  can  occur  in  an  acute  form,  usually 
within  2-8  weeks  (31)  or  in  a  chronic  form 
which  generally  develops  within  3  months  to 
1  year  of  transplantation  (79).  Often  acute  GVHD 
will  progress  into  tlie  chronic  form.  The  pres¬ 
ent  discussion  will  be  limited  to  acute  GVHD. 


Pathophysiology 

Donor  T  lymphocytes  react  to  recipient  his¬ 
tocompatibility  antigens,  proliferate,  and  at¬ 
tack  recipient  tissues,  leading  to  tissue  damage 
and  the  clinical  syndrome  of  GVHD.  The  im¬ 
munological  attack,  'usually  associated  with 
organ  dysfunction,  subsides  as  donor  T  cells 
begin  lo  accept  the  new  environment  as  "self". 
Tlie  onset  of  GVHD  is  associated  with  the 
presence  of  nonspecific  suppressor  cells  that 
are  replaced  by  specific  (host-directed)  sup¬ 
pressor  cells  as  tolerance  develops  and  GVHD 
resolves.  GVHD  and  nonspecific  suppression 
are  associated  with  profound  immunoincom- 
petence,  while  patients  regain  immunocom- 
petence  with  the  emergence  of  specific  sup¬ 
pressor  T  cells  (88,  89).  Damage  suffered  by 
target  organs  may  require  prolonged  periods 
of  time  for  complete  healing. 

It  is  thought  that  acute  GVHD  can  he  aggra¬ 
vated  and  propagated  by  cross-icactivity  of 
donor  T  colls  with  microorganisms  contami¬ 
nating  skin  and  gnslrointosliu.il  Ir.ict  (91).  There 
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is  cxperinicnlal  and  clinical  evidence  that  the  aminotransferase,  and  y-glutamyltranspepti- 

Ireatmcnt  of  patients  in  laminar  airflow  isola-  dase.  Liver  dysfunction  can  progress  rclent- 

tion  rooms  and  altornpts  at  decontamination  lessly  and  lead  to  hepatic  encephalopathy  and, 

of  skin  and  intesiinaf  tract  decreases  the  inci-  in  rare  instances,  death  due  to  hepatic  failure, 

dcnce  and  severity  of  acute  GVHD  (75).  Ex-  The  first  intestinal  manifestation  is  usually 
posure  to  ultraviolet  light  with  sunburn  may  diarrhea:  however,  patients  may  present  with 
initiate  or  cause  chronic  GVHD  to  Hare.  nausea  and  vomiting,  often  associated  with 

abdominal  pain  and  distension.  In  severe  cases 
paralytic  ileus  may  develop.  Lesions  in  the 
Clinical  Spectrum  of  the  Disease  gastrointestinal  tract  range  from  single-cell  ne¬ 

crosis  of  mucosal  epithelial  cells  and  crypt 
The  three  major  target  organs  are  the  skin,  abscesses  to  diffuse  mucosal  denudation  (66). 

liver,  and  intestinal  tract.  Clinical  onset  is  often  The  mucosal  damage  may  be  so  profound  that 

marked  by  pruritus  and  a  maculopapular  rash  drugs  normally  considered  nonabsorbable,  such 

that  characteristically  involves  palms  and  soles  as  vancomycin  and  oral  aminoglycosides,  may 

but  may  spread  over  the  entire  body.  The  me-  achieve  potentially  nephrotoxic  serum  con- 

dian  time  to  onset  of  the  rash  is  —19  days  after  centrations  (63).  The  stool  often  is  of  greenish 

marrow  infusion.  The  rash  can  progress  to  color.  The  fluid  and  electrolyte  loss  may  be 

bullae  and  burn-like  blister  formation.  Break-  severe  with  stool  volumes  up  to  several  liters 

down  of  the  skin  may  result  in  considerable  per  day  (45). 

fluid,  electrolyte,  and  protein  loss  and  further  A  grading  scheme  for  severity  of  GVHD  is 
increase  the  risk  of  infections.  In  some  pa-  given  in  Table  45.4  (18,  31.  83).  The  grading 

tients,  in  particular  after  HLA  incompatible  system  is  based  upon  the  degree  of  individual 

transplants  or  if  no  GVHD  prophylaxis  is  given,  organ  dysfunction  of  the  skin,  liver,  and  intes- 

GVHD  can  present  within  a  few  days  of  trans-  tinal  tract,  and  on  overall  performance  status 

plantation  in  a  hyperacute  form  (78).  These  so  that  a  clinical  grade  II  would  be  assigned  to 

patients  have  high  fever,  hyperemia  of  skin  a  patient  with  1*  to  3*  skin  rash,  1"  gut  or 

and  internal  organs,  diffuse  edema,  and  may  1 '  liver  involvement  (or  both),  and  a  mild 

appear  quite  toxic.  Presumably,  there  is  en-  decrease  in  performance  status.  In  cases  where 

dothelial  damage  and  capillary  leak  associated  the  severity  of  one  organ-related  symptom  dif- 

with  this  syndrome  (58).  With  hepatic  GVHD  fers  widely  from  that  in  another,  the  overall 

the  only  symptom  may  be  right-upper-quad-  clinical  grade  assigned  is  that  of  the  most  se- 

ranl  pain.  Often  there  is  a  striking  rise  of  serum  verely  affected  organ.  For  example,  a  patient 

bilirubin  (indirect  and  direct)  associated  with  with  a  serum  bilirubin  concentration  of  20  mg/ 

elevated  serum  alkaline  phosphatase,  aspartate  dl.  severe  intestinal  cramping  and  skin 


Tabte  45.4 

Clinical  Grading  of  Acute  GVHO 


Grading  by  Organ  System 

Overall  Clinical  Grade 

Organ 

Extent  of  tnvolvement 

Severity 

1  II 

III 

IV 

Skin 

Rash  (%  of 

<25 

I  + 

X  X 

body  surface) 

25-50 

2  + 

X  X 

X 

X 

>50 

3  + 

X 

X 

X 

Desquamation 

4  + 

X 

Liver 

Bilirubin 

2-3 

1  +- 

X 

(mg°'«) 

3-6 

2  + 

X 

X 

G-15 

3  + 

X 

X 

>15 

4  + 

X 

Intcsline 

Diarrhea 

>500 

1  r 

X 

(ml/day) 

>1000 

2  r 

X 

X 

>1500 

3  r 

X 

X 

Pain/llous 

4  f 

X 

X 

Impairment  ol 

1  r- 

X 

Peitormanco 

2  ^ 

X 
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liu'dIvcnuMit  (nisli  liiiiilci’  .o  (hi!  piilitis  iiixl 
.si)li:.s)  would  Ijo  assi)pu;(l  on  ovnrail  clinical 
j'r,i<l(!  IV.  T  li<;  incidence  of  inoihnati:  lo  sevorn 
(laados  II  to  IV)  GVIlIJ  in  palienis  given  IILA- 
nialclind  marrow  varii!s  fnjin  -30-50%.  Grade 
1  aciilu  GVIID  is  oflen  solf-limi(cd  and  may 
not' require  any  specific  tliernpy.  In  contrast, 
mortality  witli  grnilo  IV  acute  GVHD  is  ~'J0%. 

Differential  Diagnosis 

The  fully  developed  picture  of  acute  GVHD 
with  typical  involvement  of  skin,  intestinal 
tract,  and  liver  is  clinically  quite  specific. 
However,  all  these  organs  can  be  affected 
other  diseases,  and  when  only  a  single  organ 
is  involved  the  diagnosis  i,  more  difficult.  A 
tissue  biopsy  with  characteristic  histology  often 
(but  not  always)  will  be  helpful.  Histologically, 
the  skin  alterations  due  to  radiochemotherapy 
cannot  be  differentiated  reliably  from  GVHD 
until  about  2Vi  weeks  post-transplant.  Viral 
exanthems  and  drug  reactions  can  resemble 
GVHD.  The  typical  involvement  of  palms  and 
soles  is  often  helpful.  Hepatic  dysfunction  after 
transplantation  can  have  numerous  causes.  It 
may  bo  related  to  chemoradiotherapy  given  in 
preparation  for  transplantation  and  must  be 
differentiated  from  VOD,  which  usually  de¬ 
velops  within  1-3  weeks  of  transplant  or  from 
cyclosporine-induced  hyperbilirubinemia  (45). 
In  patients  conditioned  with  high-dose  cyclo¬ 
phosphamide  there  may  be  a  transient  rise  of 
scrum  bilirubin  and  lactate  dehydrogenase  (but 
not  other  enzymes)  due  to  hemolysis.  It  may 
be  difficult  or  impossible  to  differentiate  non- 
A,  non-B  hepatitis  from  hepatic  GVHD.  He¬ 
patic  biopsy — if  not  contraindicated  by  throm¬ 
bocytopenia  or  ascites — may  be  helpful. 

The  intestinal  tract  can  be  severely  affected 
by  chemoradiotherapy,  resulting  in  nausea, 
vomiting,  and  profuse  diarrhea,  often  lasting 
through  the  first  week  post-transplant.  If  diar 
rhea  persists  longer  than  1  week  an  infectious 
cause  or  GVHD  must  be  considered.  Pathogens 
such  as  adenovirus,  coxsackievirus,  and  rota¬ 
virus  that  often  cause  mild  diarrhea  can  cause 
severe  infection  in  marrow  graft  recipients  (100). 
GVHD  may  be  a  diagnosis  of  e.xclusion  unless 
a  rectal  or  endoscopic  gastric/duodenal  biopsy 
reveals  characteristic  changes  of  GVHD  (65). 
lUojisy  is  not  useful  in  the  diagnosis  of  GVHD 
in  the  first  3  weeks  after  traiisplantation  as 
histologic  abnormalities  due  to  the  condition¬ 
ing  therapy  may  be  confusetl  with  GVHD;  in 
Ihe  .absence  of  GVHD,  intestinal  histology  be¬ 


comes  normal  by  day  21  afler  traii.spl.ml.iiioj, 
(45). 

Prevention 

The  classic  approach  lo  GV^IID  prevention 
has  been  the  administration  of  immunosup¬ 
pressive  drugs  lo  the  patient  following  infu¬ 
sion  of  bone  marrow.  Several  agents  used  in  a 
standard  fashion  or  on  an  cxperi.nenlal  basis 
arc  listed  in  Table  45.5. 

The  use  of  methotrexate  was  described  pre¬ 
viously.  Alternatively,  cyclophosphamide  has 
been  given  at  7.5  mg/m^  on  days  1,  3,  5,  9  and 
then  weekly  (67).  With  this  approach  the  in¬ 
cidence  of  acute  GVHD  has  ranged  from  40  to 
70%.  Although  the  usefulness  of  both  metho¬ 
trexate  and  cyclophosphamide  for  GVHD  pre¬ 
vention  has  at  times  been  questioned  (43),  it 
is  now  generally  accepted  that  omission  of 
GVHD  prophylaxis  results  in  a  very  high  in¬ 
cidence  of  GVHD  and  transplant  related  mor¬ 
tality  (78).  Both  drugs  are  myelosuppressjve, 
which  may  delay  hemopoietic  recovery,  and 
both  can  prolong  or  aggravate  mucositis. 

More  recently,  cyclosporine,  a  new  drug  ap¬ 
parently  lacking  marrow  toxicity,  has  been  used 
widely  for  GVHD  prophylaxis  (3,  62).  Initially 
only  a  poorly  tolerated  intramuscular  prepa¬ 
ration  and  an  oral  preparation  with  a  bioavail¬ 
ability  of  approximately  27%  were  used.  Sub¬ 
sequently  an  intravenous  preparation  became 
available.  Several  randomized  studies  com¬ 
pared  cyclosporine  (3-5  mg/kg.'day  intrave¬ 
nously  or  10-12.5  mg/kg/day  orally)  with  either 
methotrexate  or  cyclophosphamide  and  failed 
to  show  significant  differences  in  tiie  inci¬ 
dence  of  GVHD  (reviewed  in  17.  62). 

Table  45.5 

Drugs  for  Prevention  and  Treatment  of 
Graft-versus-Host  Disease 


Methotrexate 

Azalhioprine 

6-Mercaptopurine 

2-Deoxycoformicin 

Cyclophosphamide 

Procarbazine 

Cytosine  arabinoside 

Chlorambucil 

L-Asparaginase 

Glucocorticoids 

Cyclosporine 

Antithymocyte  globulin  (ATG) 
Monoclonal  antibodies 
4-Hydroperoxycyclophosphamido 
Thalidomide 
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Next,  several  agents  were  combined  in  an  of  llierapy,  it  is  likely  that  progression  of  GVHD 

attempt  to  improve  results,  A  combination  of  wilt  cause  more  tissue  damage  and  increase 

methotrexate.,  prednisone,  and  antithymocyte  the  probability  of  infection.  It  is  generally  agreed 

globulin  significantly  reduced  the  incidence  of  that  acute  GVHD  of  grades  11--1V  requires  treat- 

GVHD  to  21%  as  compared  with  48%  in  a  ment.  Glucocorticoids,  ATG,  cyclosporine,  and 

control  group  given  methotrexate  only  (60).  monoclonal  antibodies  are  being  used  widely. 

With  a  regimen  of  methotrexate  on  days  1,  3.  With  individual  drugs,  generally  either  glu- 

6,  and  11  combined  with  daily  cyclosporine  cocorticoids  or  ATG,  responses  are  achieved 

starting  the  day  before  marrow  infusion  the  in  30%  of  patients.  With  combinations  of  drugs 

incidence  of  acute  GVHD  in  two  trials  was  such  as  cyclosporine  plus  ATG  as  many  as 

33%  and  18%  respectively  compared  with  54%  60%  of  patients  have  responded.  The  usual 

and  53%  in  the  control  arms  given  single-agent  dose  of  methylprednisolone  is  2  mg/kg/day  in 

cyclosporine  or  methotrexate  respectively  (73,  divided  doses  given  for  1-2  weeks  and  then 

74).  Similar  results  are  achieved  with  combi-  gradually  tapered.  ATG  is  given  at  doses  of 

nations  of  cyclosporine  and  methylpredniso-  10-15  mg.pf  IgG/kg  for  six  to  eight  doses  over 

lone  (29).  2  weeks. 

Other  agents  listed  in  Table  45.5  have  so  far 
only  been  used  experimentally.  For  example. 

thalidomide,  initially  used  as  a  sedative,  was  ORGAN  FAILURE  SYNDROME? 

found  to  be  effective  in  the  treatment  of  hy¬ 
persensitivity  reactions  that  occur  during  the  Pulmonary  Complications 

treatment  of  leprosy.  The  immunosuppressive 

effects  of  thalidomide  were  tested  in  rats  given  Approximately  half  of  patients  develop  re¬ 
marrow  transplants  and  found  to  be  effective  spiralory  complications  after  marrow  trans¬ 
in  the  therapy  of  GVHD  (92).  A  more  recent  plantation  and  pneumonia  is  the  major  cause 

approach  to  GVHD  has  been  the  elimination  of  mortality  in  the  first  100  days  following 

of  T  lymphocytes  in  vitro  from  the  donor  mar-  transplantation  (33,  42,  49).  The  differential 

row  (9).  A  major  benefit  of  this  technique  is  diagnosis  of  new-onset  pulmonary  symptoms 

that  the  profound  immunosuppression  asso-  varies  with  respect  to  time  from  transplanta- 

ciated  with  drug  administration  that  renders  tion.  In  the  first  2  weeks  after  transplant.ation 

patients  highly  susceptible  to  infections,  by  there  are  two  conditions  to  consider  in  adui- 

viral,  bacterial,  fungal,  and  protozoan  organ-  tion  to  the  myriad  of  disorders  that  result  in 

isms  could  be  avoided.  Of  concern,  however,  pulmonary  infiltrates  in  the  immunocom- 

is  the  observation  that  this  approach  may  re-  promised  host  (97).  Patients  may  develop  a 

suit  in  an  increased  graft  failure  rate  (in  some  generalized  “capillary  leak”  syndrome  due  to 

reports  30-40%)  not  only  with  ffLA-incom-  what  has  been  termed  "hyperacute  GVHD" 

patible  but  even  with  HLA-identical  trans-  (58,  78).  This  generally  occurs  in  the  setting  of 

l)lants  (9,  57).  A  second  concern  is  that  an  HLA-nonidentical  transplantation.  One  must 

increased  recurrence  rate  of  leukemia  was  re-  exclude  acute  congestive  heart  failure  due  to 

ported  for  both  chronic  myelocytic  leukemia  cardiac  necrosis  consequent  to  the  conditiun- 

iind  acute  leukemias,  which  were  presumably  ing  regimen  (13).  Fat  embolism  may  rarely 

due  to  the  loss  of  graft-vorsus-leukcmic  effect.  occur  in  the  first  several  days  after  transplan¬ 

tation  if  the  marrow  infusion  was  inadequately 
Treatment  filtered  (56,  72).  Unlike  the  case  of  the  multi¬ 

ple-trauma  victim,  this  syndrome  may  be  dif- 

T'lii;  dcvclopnu'i-.t  of  .'if.ute  GVHD,  unless  it  ficult  to  recognize  because  of  the  nonsi)ocific- 

is  mild  and  self-limited,  always  presents  a  ity  of  polucchiau  in  a  thrombocytuticnic  [j.ilient. 

dilemma.  GVHD  by  itself  immimosupprcs-  In  the  intermediate  period  (30-100  days) 
sive,  the  patient  i.s  usually  receiving  immu-  after  transplantation,  nonbactcrial  interstitial 
nosuppressivo  drugs  for  GVHD  |)rophylaxis.  pneumonia  is  the  major  complication  (Table 

.md  Ihiiilly,  virtually  all  known  therafieiitic  45.3)  (42,  40,  50).  Viral  pneumonia  due  to 

options  for  GVHD  again  involve  inununosup-  cytomegalovirus  occurs  in  ~25‘M>  of  patients 

pressive  drugs  (17).  All  this  sets  the  stage  for  and  has  a  mortality  rate  a|)proaciung  10ll‘;l.  in 

overwhelming  infections  (.omplicalion.s  and  lliuso  patients  wlu)  ro(|nire  tracheal  iiiluli.ilion 

iiilri.'ililial  [ineumonitis  (.'ll).  Allliough  there  aiul  mecliaiiical  ventilation.  Severe  pneiimo- 

is  no  clear  indication  llial  the  response  to  nia  due  to  GMV  rarely  occurs  in  iion-m. mow¬ 
in'. ilmenl  is  more  likely  with  early  institution  transplant  patients,  and  in  fact,  occurs  almost 
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exclusively  ill  jiaiiciils'  iifler  alloi^eiiuic  {^rafl.s 
and  rarely  after  syni'enoic  (identical  twin)  or 
ant(ilo);ons  i;rafls.  Acnie  (TVIID  is  a  major  risk 
factor  for  llie  dovelo|nncnl  of  CMV  pneumonia 
(SI,  52),  |irusumaii|y  due  to  the  immiinu- 
siipfiressiun  cause  liy  GVIID,  or  from  flic  im¬ 
munosuppressive  Irealment  given  for  GVHD. 
The  clinical  presonlation  varies  from  a  pro¬ 
longed  fever  followed  by  the  development  of 
a  nonproductive  cough  to  a  fulminant  case  of 
acute  respiratory  distress  syndrome  that  is  fa¬ 
tal  within  2-1  hours  of  clinical  onset.  Effective 
therapy  for  established  CMV  pneumonia  has 
not  been  available  until  recently.  New  drugs 
that  are  relatively  specific  for  CMV  such  as 
ganciclovir  (dihydroxypropoxymethyl  guan¬ 
ine.  DHPG)  may  prove  useful  (24),  particularly 
when  combined  with  ISG;  a  preliminary  report 
indicates  that  mortality  of  CMV  pneumonia 
may  be  decreased  to  <  50%  (11).  Fortunately, 
there  is  an  established  role  for  the  prophylaxis 
of  CMV  infection  after  marrow  grafting.  CMV 
pneumonia  may  result  from  a  primary  infec¬ 
tion  acquired  during  the  peritransplant  period 
or  from  reactivation  of  latent  infection.  Ap¬ 
proximately  30%  of  patients  are  seronegative 
prior  to  transplantation,  and  they  may  be  pre¬ 
vented  from  acquiring  the  infection  by  the  use 
of  blood  products  derived  exclusively  from 
CMV  seronegative  donors  (10).  Finally,  if 
available,  a  seronegative  marrow  donor  should 
be  used  for  seronegative  recipients. 

The  other  major  cause  of  nonbacterial  pneu¬ 
monia  during  the  intermediate  period  after 
transplantation  is  termed  "idiopathic''  pneu¬ 
monia  and  is  presumably  caused  by  damage 
from  radiation  and  chemotherapy  (39.  41,  42, 
50.  102).  The  presentation  may  be  identical  to 
CMV  pneumonia,  and  in  order  to  obtain  a 
diagnosis,  an  open  lung  biopsy  is  often  re¬ 
quired  in  order  to  exclude  infectious  etiolo¬ 
gies,  recurrent  neoplasm,  etc.  The  prognosis  of 
"idiopathic''  pneumonia  is  better  than  for  CMV 
pneumonia  as  up  to  50%  of  patients  will  re¬ 
cover.  There  is  no  established  therapy  other 
than  supportive  measures  and  the  withdrawal 
of  potentially  harmful  antimicrobial  agents  such 
as  amphotericin  B.  Corticosteroids  arc  often 
given  although  they  have  never  been  shown  to 
be  helpful. 

P.  carinii  pneumonia  was  formerly  a  fre¬ 
quent  pathogen  in  marrow  graft  recipients  al¬ 
though  presently,  it  rarely  occurs  due  to  the 
routine  prophylactic  administration  of  Iri- 
mothoprim/sulfamclhoxazolo.  All  patients 
should  be  evaluated  for  latent  mycobacterial 
infections  prior  to  transplantation;  antituber¬ 


culous  prophylaxis  is  indii-.aled  in  ))iitieuls 
with  evidence  of  past  infeclioji  (54).  Pulmo¬ 
nary  ihromboombolisin  is  randy  documented 
in  jjatienls  following  marrow  transplant,  sn'>- 
gesling  that  they  do  not  become  "hyperco- 
aguablc"  in  the  presence  of  prolonged  hospi¬ 
talization. 

Gastrointestinal  and  Hepatic 
Complications 

The  most  pervasive  gastrointestinal  prob¬ 
lems  associated  with  marrow  transplantation 
are  the  result  of  the  intensive  chemotherapy 
and  radiation  required  for  marrow  condition¬ 
ing  (45).  The  combined  modality  therapy  re¬ 
quired  for  successful  bone  marrow  ablation 
frequently  leads  to  extensive  necrosis  of  the 
intestinal  crypts.  This  damage  results  in  dif¬ 
fuse  mucositis,  anorexia,  crampy  abdominal 
pain,  and  watery  diarrhea  (12,  45,  69).  As  a 
rule,  the  intestinal  damage  consequent  to  the 
conditioning  protocol  is  entirely  reversible, 
unlike  the  liver  injury  that  may  occur  (sec 
below).  Most  patients  receiving  allogeneic 
marrow  transplantation  require  complete  par¬ 
enteral  alimentation  during  the  3-4  weeks  re¬ 
quired  for  resolution  of  this  intestinal  damage. 
Because  of  the  protein  loss  it  is  difficult  to 
prevent  the  patients  from  developing  a  nega¬ 
tive  nitrogen  balance,  even  with  aggressive 
nutritional  support.  Complications  of  pro¬ 
longed  hyperalimentation  include  abnormal 
liver  function  tests,  gallbladder  atony,  and 
sludge  formation  in  the  biliary  tract  (48,  94). 
Severe  gastrointestinal  bleeding  is  rarely  seen 
during  this  time  period,  although  gastrointes¬ 
tinal  fluid  losses  need  to  be  monitored  and 
replaced  appropriately. 

Patients  with  chronic  GVHD  usually  have 
hepatic  and  esophageal  involvement  (45).  In¬ 
testinal  fibrosis  resembling  that  caused  by 
scleroderma  may  result  in  dysphagia,  retros¬ 
ternal  pain,  and  aspiration  associated  with 
esophageal  dysfunction.  Webs  and  strictures 
of  the  distal  esophagus  are  also  frequently  seen 
and  may  require  bougienage.  Chronic  liver  dis¬ 
ease  occurs  in  almost  90%  of  patients  with 
chronic  GVHD.  Because  of  the  high  incidence 
of  infectious  complications  in  patients  with 
chronic  GVHD.  vigilance  must  bo  maintained 
to  exclude  infectious  etiologies  for  deteriorat¬ 
ing  liver  function.  Among  the  agents  to  be 
excluded  arc  chronic  viral  infections  with  non- 
A,  non-B  hepatitis,  cytomegalovirus,  and  licp- 
atitis  B  virus  or  infiltrative  h.icleriul  liver  dis- 
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ease  witli  agonls  such  as  tuberculosis.  In  ad¬ 
dition,  hopatotuxic  reactions  can  occur,  most 
frequently  from  trimethoprim/sulfamelhoxa- 
zole,  and  cholestasis  has  been  associated  with 
the  use  of  cyclosporine  and  azathioprine  for 
the  treatment  of  chronic  GVHD.  The  possibil¬ 
ity  of  extrahepatic  biliary  obstruction  due  to 
cholelithiasis  must  always  be  considered  as  a 
potential  underlying  etiology  of  worsening  liver 
disease.  Although  some  patients  with  chronic 
GVHD  may  have  hyperbilirubinemia  for  years, 
hepatic  failure,  portal  hypertention  and  cirrho¬ 
sis  are  unusual  complications  of  this  disease. 

Veno-occlusive  Disease 

Veno-occlusive  disease  of  the  liver  (VOD) 
occurs  in  up  to  20%  of  patients  after  trans¬ 
plantation  and  is  becoming  more  common  due 
to  the  use  of  more  aggressive  conditioning 
protocols,  and  to  the  fact  that  patients  have 
been  more  intensively  pretreated  prior  to 
transplantation  (45,  46,  64).  The  signs  of  VOD 
usually  develop  during  the  first  2  weeks  after 
marrow  transplantation.  Most  patients  first  de¬ 
velop  a  gradual  weight  gain  with  jaundice  ap¬ 
pearing  at  1  week.  These  signs  are  followed  by 
the  development  of  abdominal  pain,  hepato¬ 
megaly,  ascites,  and  even  encephalopathy 
within  6--10  days.  Weight  gain  is  due  to  pre- 
renal  oliguria,  suggesting  that  postsinusoidal 
obstruction  activates  renal  salt  retention  prior 
to  the  onset  of  ascites.  Jaundice  is  a  virtual 
sine  qua  non  of  the  syndrome,  with  the  serum 
bilirubin  reaching  a  maximum  usually  be¬ 
tween  2  and  3  weeks  after  transplant.  Abdom¬ 
inal  pain  can  be  a  prominent  symptom,  and 
encephalopathy  will  develop  in  as  many  as 
half  of  the  patients.  VOD  is  characterized  his¬ 
tologically  by  a  ccntrolobular  hemorrhage.  The 
terminal  hepatic  venules  and  sublobular  veins 
may  be  damaged  and  activation  of  clotting 
factors  within  the  venules  may  be  responsible 
for  the  early  manifestations  of  VOD. 

The  clinical  course  of  patients  with  VOD 
ranges  from  cases  of  fulminairt  hepatic  failure 
loading  to  death  within  1-2  weeks  after  trans¬ 
plant  to  a  mild  transient  illness  with  complete 
recovery  by  week  3.  To  date,  no  intervention 
appears  likely  to  alter  the  course  of  this  dis¬ 
ease,  and  therapy  is  diri:cted  at  maintaining 
iiilr.iva.sciilar  volume  and  renal  perfusion  while 
simultaneously  allemptiug  to  minimize  extra- 
vascul.ii'  Ihiid  accumulation  (45.  4()).  Sodium 
intake  .should  he  re.stiTcled  and  the  judicious 
use  of  s|tiriinnlac;lone  or  triamteretie  can  help 


achieve  a  negative  sodium  balance.  Encepha¬ 
lopathy  should  be  treated  with  protein  restric¬ 
tion  and  lactulose.  Drugs  that  are  metabolized 
in  the  liver  should  be  monitored  carefully  dur¬ 
ing  periods  in  which  ongoing  liver  disease  is 
present.  Drugs  associated  with  renal  toxicity 
should  also  be  reduced  and  monitored  closely 
because  of  renal  hypoperfusion.  Drugs  that 
distribute  into  third-space  fluids  usually  have 
to  be  reduced  or  withheld  if  ascites  develops. 
While  other  forms  of  VOD  are  thought  to  be 
responsive  to  anticoagulant  therapy,  this  ap¬ 
proach  is  relatively  contraindicated  in  marrow 
graft  recipients  during  this  time  period  of  mar¬ 
row  transplantation. 

The  diagnosis  of  VOD  must  be  made  on  a 
clinical  basis  as  liver  biopsy  is  usually  con¬ 
traindicated  due  to  thrombocytopenia  and  as¬ 
cites.  Patients  that  exhibit  any  two  of  the  three 
major  criteria  of  VOD  (jaundice,  hepatomegaly 
or  hepatic  pain,  ascites  or  unexplained  weight 
gain)  within  30  days  of  transplantation  have 
an  —85%  probability  of  having  VOD  (46).  The 
major  differential  diagnoses  that  require  con¬ 
sideration  are  acute  GVHD  of  the  liver,  post- 
transfusion  hepatitis,  and  the  Budd-Chiari 
syndrome  (64),  Liver  involvement  in  acute 
GVHD  usually  manifests  as  cholestatic  jaun¬ 
dice  without  evidence  of  significant  hepato¬ 
cellular  damage  or  portal  hypertension  and 
occurs  3  weeks  or  later  after  transplantation, 
whereas  VOD  occurs  in  the  first  3  weeks  of 
transplantation.  The  patient  with  acute  GVHD 
develops  mild  hepatomegaly  with  an  in¬ 
creased  serum  alkaline  phosphatase  concen¬ 
tration  and  hyperbilirubinemia,  and  elevations 
of  transaminase  levels  are  not  usually  pro¬ 
nounced.  Imaging  techniques  such  as  com¬ 
puted  tomography  and  magnetic  resonance 
imaging  (MRI)  usually  reveal  sparing  of  the 
caudate  lobe  of  the  liver  in  patients  with  the 
Budd-Chiari  syndrome,  while  patients  with 
VOD  have  total  hepatic  involvement.  Pericen¬ 
tral  hepatocyle  necrosis  is  a  pathologically  dis¬ 
tinct  lesion  from  VOD  that  produces  a  clinical 
syndrome  that  is  similar  to  VOD  (45). 

Neurological  Complications 

The  most  common  GNS  side  effect  reported 
in  association  with  bone  marrow  transplanta¬ 
tion  is  niolnbolic  encephalopathy  ..a  a  result  of 
failure  of  other  organ  sy.stems.  McUabolic  eu- 
r.ephalnpathy  is  treated  primarily  by  tlicaapy 
for.lhe  undeiTying  condition  :',ucli  as  hemodi¬ 
alysis  for  acute  renal  failure.  The  .'iecoiiii  most 
commou  CIN.S  complicalious  are  ;«lv<;rs(;  of- 
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f(!i:l.s  from  viirioiis  dnins.  As  with  otlier  pa- 
tianls  in  Ihu  ICIJ,  corlicosturoids  have  huun 
associalnd  with  ))syclu)sis  renntioiis.  Parcnlnral 
ai'.yclovir  therapy  has  been  riiportcd  to  indiiec 
treniors  and  transient  heniiparesis  (03).  Cy¬ 
closporine  has  been  associated  with  seizure 
disorders,  cerebellar  ataxia,  tremors,  and 
depression,  all  which  appear  to  be  corrected 
by  magnesium  therapy  (84).  Infectious  CNS 
comidicalions  are  also  reported  in  marrow 
transplant  patients  and  fatal  CNS  infections 
have  been  reported  involving  Aspergillosis, 
herpes  simplex  virus  types  I  and  II,  Listeria 
monocytogenes,  and  toxoplasmosis.  Despite  the 
frequency  of  bacteremia  in  the  post-transplant 
period,  how/ever,  surprisingly  few  episodes  of 
bacterial  meningitis/encephaiitis  are  seen.  This 
suggests  that,  contrary  to  some  reports,  the 
blood-brain  barrier  is  remarkably  resistant  to 
the  conditioning  protocols  used  for  allogeneic 
marrow  transplantation. 

The  most  devastating  neurological  compli¬ 
cation  of  marrow  transplantation  is  the  devel¬ 
opment  of  idiopathic  leukoencephalopathy. 
Patients  develop  a  progressive  syndrome  con¬ 
sisting  of  lethargy,  slurred  speech,  ataxia,  sei¬ 
zures,  confusion,  spasticity,  and  decerebrate 
posturing.  Pathological  findings  are  those  of 
degeneration  of  the  white  matter  with  a  mul¬ 
tifocal  pattern  of  noninflammatory  necrosis. 
Onset  is  usually  insidious,  beginning  3-6 
months  following  marrow  transplantation  and 
is  nearly  always  fatal.  Leukoencephalopathy 
has  not  been  reported  in  patients  transplanted 
for  nonmaligant  disorders,  suggesting  that  the 
prior  cytotoxic  therapy  may  predispose  to  the 
development  of  leukoencephalopathy.  In  ad¬ 
dition,  almost  all  of  these  patients  have  been 
treated  with  post-transplant  intrathecal  meth¬ 
otrexate  to  prevent  CNS  recurrences  of  hema¬ 
tological  malignancy  ..A  recent  report  suggests 
that  the  incidence  of  leukoencephalopathy  is 
associated  not  only  with  the  preparative  regi¬ 
men  but  also  with  a  history  of  pretransplant 
CNS  therapy  and  the  extent  of  post-transplant 
CNS  therapy  (85).  In  patients  with  a  history  of 
previous  CNS  therapy  who  received  post¬ 
transplant  intrathecal  methotrexate  as  prophy¬ 
laxis  to  prevent  recurrent  CNS  disease,  the 
incidence  of  leukoencephalopathy  may  be  as 
high  as  15%.  At  the  onset  of  symptoms  con¬ 
sistent  vith  leukoencephalopathy  other  re¬ 
versible  'tiologies  should  be  excluded.  For 
example,  tiypomagnesemia  is  common  in  pa¬ 
tients  that  are  treated  with  cyclosporine  and 
may  result  in  seizures.  Parkinsonian  symp¬ 
toms,  aticl  cerebellar  signs  similar  to  leukoen- 


cephalo|)alby  (84).  Similarly,  the  syiulroiiu!  of 
i)-lactic  acidosis  found  in  patiimls  with  severe 
intestinal  malabsorption  that  may  occur  with 
chronic  GVllD  can  cause  slurred  speech  and 
cerebellar  symptoms  that  resolve  after  treat¬ 
ment  with  antimicrobials  and  correction  of 
metabolic  acidosis  (16).  Finally,  progrssive 
multifocal  leukoencephalopathy,  caused  by 
infection  with  )C  virus,  must  be  distinguished 
by  brain  biopsy,  from  idiopathic  h'l'.hoence- 
phalopathy. 
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